The major seed albumin from Psophocarpus tetragonolobus (L.) DC, winged bean albumin 1, has been crystallized from ethanol as rhombic needles in a form suitable for high resolution x-ray crystallographic studies. The space group is 14122 with cell parameters a = b = 95.6 A, and c = 86.0 A. Amino acid sequence homology between winged bean albumin 1 and legume 7 S globulins suggests that the former may be related to a structural domain of the 7 S globulins.
The major seed albumin from Psophocarpus tetragonolobus (L.) DC, winged bean albumin 1, has been crystallized from ethanol as rhombic needles in a form suitable for high resolution x-ray crystallographic studies. The space group is 14122 with cell parameters a = b = 95. 6 A, and c = 86.0 A. Amino acid sequence homology between winged bean albumin 1 and legume 7 S globulins suggests that the former may be related to a structural domain of the 7 S globulins.
Legume seeds are a major source of dietary protein in human food and animal feed. Legume proteins, however, are of lower quality than animal protein due to the limited amounts of sulphur-containing amino acids, poor digestibility, and the presence of anti-nutritional factors. With the ability to fix nitrogen and a much higher efficiency t o produce protein per unit land area than animals there is much interest in the improvement of legume crops. Plant breeders are seeking to improve their agronomic performance, especially yield and disease resistance. Attempts are also being made to improve the nutritional value of legume seeds by altering the relative proportions of the accumulated storage proteins and by modification of their amino acid composition and digestibility, using recombinant DNA technology. However, it remains to be established what changes can be incorporated into seed storage proteins without affecting seed viability and their functional properties.
In order to understand the structure-function relationship of seed proteins, as well as their properties in food systems, fundamental structural information relating to these proteins is required. Phaseolin, the major 7 S storage protein in the cotyledon of French bean (Phaseolus uulguris) was recently crystallized in a form suitable for high resolution x-ray diffraction analysis (1) and appeared to be an ideal candidate for probing the structure-function relationship of the 7 S class of seed storage proteins. The three-dimensional structure of this protein is under investigation (1).
The tropical legume, Psophocurpus tetragonolobus (L.) DC, winged bean, which has a nutritive value similar to that of soybean (2), has been extensively studied because of its potential as a protein-rich crop for the humid tropics (3, 4). Recent studies on the storage proteins of winged bean have reported the isolation of a major seed albumin in crystalline form (5, 6) . This seed albumin showed amino acid homology with the 7 S storage globulins vicilin, phaseolin, and pconglycinin, suggesting a structural relationship between winged bean albumin 1 (WBA-1)' and the 7 S class of seed * The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "aduertisement" in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
' The abbreviation used is: WBA-1, winged bean albumin 1. globulins (6) . WBA-1 has recently been crystallized in a form suitable for x-ray diffraction analysis. The solution of the structure of this seed albumin ( M , 17,500) may provide important information on the relationship between this protein and the 7 S globulins and assist in the solution of the structure of the much larger phaseolin molecule. Here, we described the crystallization and preliminary x-ray diffraction data for winged bean albumin 1.
MATERIALS AND METHODS
Winged bean albumin 1, designated WBA-1, was isolated from P. tetragonolobus (L.) DC (variety Tpt-1) seeds as described previously (6) . A lyophilized sample of the material was dissolved in 1 mM HCl to a concentration of 5 mg/ml. The crystallizations were carried out using the vapor diffusion technique at room temperature as described previously (7) . Aliquots containing equal volumes of the WBA-1 solution and 30 mM succinate buffer, pH 5.5, were mixed and set up in plastic 96 round-bottomed-well Micro Well Plates (Nunc, Inter Med, Copenhagen, Denmark). Plates were sealed in clear plastic sandwich boxes, containing initially 25 ml of 5% ethanol in water. Suitable crystals for high resolution x-ray analysis were obtained by slowly increasing the concentration of ethanol in the reservoir to 30%. A granular precipitate formed in the wells at an ethanol concentration of 20%, followed by visible crystal growth from the precipitate, 1 week after the final ethanol concentration of 30% was reached.
X-ray diffraction data were collected photographically by the rotation method (8) and processed by the method of Rossman (9) . Precession photographs were taken to obtain unit cell parameters and determine the space group.
RESULTS AND DISCUSSION
WBA-1 readily crystallizes as small needles on dialysis of the protein against solutions of 0.01 M citrate buffer, pH 5.1, or 0.01 M Tris/HCl, pH 8.0, at room temperature (6) . Redissolved crystals of WBA-1 showed no contamination when examined by electrophoresis. However, such crystals have proved unsuitable for x-ray diffraction, being too small for crystallographic purposes.
In the present study, crystals from WBA-1 have been obtained using a number of crystallization conditions. Crystals suitable for x-ray diffraction with dimensions of 100 pm or more have been grown from buffered solutions of protein at pH 5.5 equilibrated with 30% ethanol (Fig. 1) . Equilibrations against high concentrations of ethanol also produced thin opalescent sheets of microcrystals visible under the light microscope. In addition, crystals which appeared t o be of the same morphology as those obtained at pH 5.5 could also be grown using ammonium sulfate as a precipitating agent. However, neither of these two preparations produced large enough crystals for use in high resolution x-ray studies.
X-ray examination of the large single crystals shown in and c = 86.0 A (Fig. 2) . The crystals diffract x-rays to 2.. (6) , the VM value is 2.8 A3/dalton. Thus for 16 monomers per unit cell, the volume occupied by the protein is approximately 43%, which falls within the range observed for protein crystals (10) . Partial association of the WBA-1 monomer has been observed at neutral pH (6) , suggesting the possibility of dimer formation in the crystals grown at pH 5.5, since a 2-fold crystallographic symmetry exists.
Data consisting of 5900 unique reflectjons have been collected by o$cillation photography to 2.4 A, representing 80% of the 2.4-A sphere. A search for heavy atom derivatives is currently underway.
The close amino acid sequence homology between WBA-1 and the 7 S globulins from legume seeds, observed in earlier studies (6) , suggests that WBA-1 is phylogenetically closely related to this class of proteins. Comparison of the threedimensional structures of WBA-1 and phaseolin, a 7 S globulin whose structure is under investigation in this laboratory, is therefore of particular interest. In general, minor differences in the amino acid sequence of proteins cause small changes in the overall peptide folding, tertiary structure being more conserved than primary structure. Therefore, solving the tertiary structure of these two proteins may reveal partial structural similarities between WBA-1 and this 7 S globulin. It is of interest to note that crystallization of these two proteins is achieved under conditions which require the presence of ethanol, perhaps indicating similar preferences for hydrophobic or hydrophilic interactions between molecules in homologous regions in the two protein crystals. WBA-1 so far has only been crystallized as rhombic needles. However, considering the ease with which WBA-1 crystallizes under the varied conditions described earlier, it is possible that further attempts at crystallization will yield different crystal forms to complement the studies which are currently being carried out on this protein. The elucidation of the structure of WBA-1 may thus provide some insight into the structure of related proteins, such as phaseolin. In addition, an understanding of the structure-function relationship of this seed protein may be reached, and further work on WBA- 1 is likely to provide valuable information for genetic manipulation of the winged bean seed.
